Propulsion Induced Effects (PIE) 

Test Program 
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Configuration Aerodynamics Technology Development 

Session 4: Nacelle/Diverter Design and Airplane Integration 



Multi-Point Optimization Aero S&C L P,E Test Program 

S&C CFD Predictions I 1 De ^'°P ment | 



















The PIE program is currently represented by several core representatives from Ames, Boeing and Micro Craft, Inc (Tullahoma 
Division). These individuals are primarily involved in the detailed planning and development aspects of the test program. 
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Glenn Hardin 
Jon Lines 
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tunnel corrections 


The predominant propulsion/airframe interactions considered for PIE generally include: inlet spillage; bypass and bleed efflux 
discharge from the nacelles; inlet spillage variation with engine power setting; jet impingement on the empennage and tail; 
nacelle-nacelle and nacelle-wing proximity flow interference; and nozzle boattail-jet flow interactions. 
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HSR - PIE Test Program 






PIE testing is required due to the lack of information and understanding of PIE-generated forces and moments (with respect to 
airplane performance, stability and control). Not much is known about how PIE varies with TCA configuration changes and 
how much it impacts the design optimization process. 
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HSR - PIE Test Program 
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The PIE program is challenged with the task of developing a comprehensive experimental approach to obtain the PIE 
magnitudes on TCA forces and moments. Sufficient airplane configuration fidelity must be retained and preserved to meet 
performance and selected stability and control requirements. Additional work should include CFD validation and design trade 
studies to complement and enhance the PIE test data to extend the range of applicability beyond the experimental envelope. 
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The program’s framework rests on determining the PIE magnitudes on the TCA forces and moments, while preserving 
sufficient configuration fidelity to focus on performance and selected stability and control requirements. At transonic speeds, 
inlet spillage drag, installed nozzle boattail drag and nozzle plume-aft body/tail interactions are of primary interest, with the 
goal of resolving drag increments to within ±1 .5 counts. 
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nozzle plume-aft body/tail interactions 
Adrag uncertainty < ±0.5 cts 




The current activity has evolved from a series of feasibility and assessment studies, which essentially began in June 1996. 

This scoping effort initially centered on defining and ranking those critical technologies that would derive the most benefit from 
the PIE program. Conceptual model design and preliminary test planning were coupled with anticipated funding profiles to 
establish the likelihood of program completion within a mandated timeframe. Much of the work was presented at the 1997 Aero 
Performance Workshop. 
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Completion ) End of FY’OO 


The program plan, as presented at the February 1 997 Aero Performance Workshop, set several working objectives. For 
maximum model fidelity, the model would be sized as large as possible to obtain the best data accuracy. The test approach 
would concentrate on obtaining performance data, rather than expanding into the stability and control aspects of the TCA 
configuration. The majority of the testing would be focused in the transonic regime, where little performance data has been 
obtained. Since nacelle inlet bleed is activated at supersonic speeds above Mach 1 .6, it was aiven a low prioritv for model 
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Proa ram Plan Presented to 2/97 AP Wksh 
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Projected program costs 

• model des & fab, test, indust, support - $4M (NASA WT) 

• AEDC testing @16T: ~ $3.3M; @16S ~ $3M 



The principal features of the 5.7% PIE model included: a flow-through balance; on-board high-pressure air handling capability 
for jet-effects testing; an all-metric wing-body-nacelle model construction; and an aft body extension with a vented posterior 
and a generic tail geometry to accommodate rear-sting entry into the model. 
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Discussions between PIE and CA representatives between May and July 1997 lead to an overall reassessment of the then- 
established program path. From a technical perspective, complications arising from tunnel flow quality and wall interference 
were anticipated for 5.7% model testing in the 1 1-Ft and AEDC 16T. These included tunnel Mach instability, shock reflections 
and buoyancy. The ability of applied computational-empirical techniques to correct for these effects and accurately resolve PIE 
force and moment increments was perceived to be questionable; relying on such methods to derive useful data was deemed 
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Feasibility & Assessment (-5/97) 
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Potential +$10M p ricetag due to 11 -Ft & PCD schedule conflict 



The combined technical, scheduling and cost risks associated with developing and testing a 5.7% scale PIE model far 
exceeded the funding and time constraints imposed on the CA ITD. This precipitated discussions in May-June 1997 between 
CA and PIE team representatives to seek other alternatives that would meet the PCD objectives at substantially lower cost and 
shorter timeframe than those anticipated for the 5.7% model concept. 
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Program Redirection Options (-6/97) 
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The 3% scale PIE model includes: the addition of a strut-supported model for refined aft-body testing with a closed upswept 
empennage and tail; incorporating the 2-D bifurcated inlet nacelle geometry (in place of the axisymmetric-centerbody); 
increasing the variety of nozzle/boattail configurations for combined flow-through and jet-effects nacelle testing, with input from 
the CPC Nozzle team; and blown bypass and bleed capabilities. 
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HSR - PIE Test Program 
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Program cost: < $4M (model des & fab, test, indust, support) 
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HSR - PIE Test Program 
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The baseline nacelle geometry for all aerodynamic testing is defined by an aero reference nacelle with a rectangular 2-D inlet 
and exit shape. This nacelle features a constant area flow-through duct featuring a supersonic-cruise boattail configuration, 
with the upper and lower flaps truncated at the nozzle sidewall trailing edge. Nacelle instrumentation is limited to internal and 
external static pressure taps. 
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Aero Reference Nacelles 
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Inlet Reference, Bypass/Bleed Nacelles 
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side extemal/centerline sheer view 


The jet effects nacelle is used for installed nozzle testing. Unlike the flow-through nacelles, the inlet aperture is covered by a 
solid inlet fairing. High-pressure air from the facility is directed into the nacelle, where it is then conditioned through charging 
plenums and choke plates before being discharged by the nozzle. In addition to the aero reference boattail and nozzle, nine 
additional geometries representing operating nozzle/boattail configurations (defined by the CPC nozzle team) will be also 
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Jet Effects Nacelles 
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side external/centerline sheer view 
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3% Model Test Variables Available 
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power setting (> design NPR) 
bypass & bleed efflux simulation 
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Many calculated risks and challenges are or will be faced in the PIE test program. One of these is the ability to accurately 
determine the internal drag correction for the flow-through nacelles. The currently envisioned approach relies on correlating 
static pressure measurements with CFD predictions. Due to the relatively small scale of this model, the impact of utilizing a 
limited quantity and type of instrumentation to determine the internal drag is uncertain. Testing a smaller version of the PIE 


o> E 
o £ 2 

r e ^ _ 

.S 2 c £ 

>< E «5 3 

S c 

2 2 O 0 

c ^ co E 
® ° 
as £ "o E 

co © F 
© © o E 

£.s § £ 

lil » 

C o © 

J 

O 03 O <0 
C CD ^ -O 
jg C ^ 

S.ssl-5 


ta © © 

i= ^ o 

i © E 5 co 
5 -ri .2 « 

— N "55 ® 

**- O © <0 

$ c r o 

© © © h 
c £ -D © 

© ^ £ +- 
■B ^ 0 

^3 | " 

CO T 3 § — 

hog© 

j i- dt; 

O Q_ c f? 

CO _ o 

•*-' 3 2^ n 

r u c m 
0 .c -c « 

C ** 3 O 

©•j^- 
s a*? s 
3 “Is 

® (5 C ® 

E .E o © 
o E S.5 

Jr O c •>, . 

~ c o -O 2 
•- ® ° TJ o 

c t! -D o CO 

To £ S' © cS 
lil N >, .E 2 

Q. <0 ~ CO 3 

° 1 1 f §. 

g.1 SV g 

« © o ~ ~ 

« S “ = ? 

(0 W jO o 15 
■ E ' co © © 
■o ,-^-Q c h 

a* “o 5 co 
c 9- <0 o © 
O o o s S. 


£ E 
</> — 

2 >* 
~ c 
o < 


c nJ g 
5.9 £ 

.O Q. ~ 

-Q E « 

o 8 O' 

1 15* 

o .2 E 
£ S ® 

*“ ^ /ft 


kJL ~ 

co c 
O 05 

c .E 
.2 5 

!!>. 
-fc 'C 
CO _ 1 

?1 

> (0 * 


1232 





1233 


- compensate for inter-nacelle imbalances w/ manual trim valves 
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Calculated Challenges & Risks (cont’d) 
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Premature configuration freeze (wing pianform, nacelle 
geometry, empennage closure) 
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HSR - PIE Test Program 
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best (technical approach)/($$ & resources) 

reduces technology risk for any HSR/HSCT-type propulsion 

airframe integration/development work beyond FY00 


Several PIE program activities are currently in progress. Micro Craft is performing the detailed design for the 3% model, and 
will begin fabrication work very shortly to deliver hardware and assemblies to Ames before the middle of FY99. Micro Craft is 
also tasked to perform the detail design for the 1.675% PIE nacelles that will be tested on TCA Model 2b, later this summer." 
Boeing has been tasked to perform the detailed design, fabrication and calibration of two flow-through by the end of FY99. 
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Current Program Status 
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OGL funding for PIE program activities through FY00 
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